The fully coupled WRF/Chem (Weather Research and Forecasting/Chemistry) model is used to simulate air quality over the Sea of Japan coastal area. Anthropogenic surface emissions database used as input for this model are mainly based on Global hourly emissions data (dust, sea salt, biomass burning), RETRO (REanalysis of the TROpospheric chemical composition), GEIA (Global Emissions Inventory Activity) and POET (Precursors of ozone and their Effects in the Troposphere). Climatologic concentrations of particulate matters derived from Regional acid Deposition Model (RADM2) chemical mechanism and Secondary Organic Aerosol Model (MADE/SORGAM) with aqueous reaction were used to deduce the corresponding aerosols fluxes for input to the WRF/Chem. The model was firstly integrated for 48 hours continuously starting from 00:00 UTC of 14 March 2008 to evaluate ozone concentrations and other precursor pollutants were analyzed. WPS meteorological data were used for the simulation of WRF/Chem model in this study. Despite the low resolution of the area global emissions and the weak density of the local point emissions, it has been found that WRF/Chem simulates quite well with the diurnal variation of the chemical species concentrations over the Sea of Japan coastal area. The simulations conducted in this study showed that due to the geographical and climatologically characteristics, it is still environmentally friendly by the transported pollutants in this region.
INTRODUCTION
all scales-local, regional and global [1] . Large numbers of At the present, more than 60 million people are added concentrations when ground-level ozone accumulates in to cities each year worldwide, about 325 cities have a urban metropolitan areas under certain weather conditions population of more than one million, compared to 270 in [2] and quantitative atmospheric dispersion models will be 1990 [1] . In recent decades, air quality has deteriorated of great help to provide effective decision support remarkably in the large cities of the developing countries.
systems for planners and administrators. The export of air pollutants from urban to regional and
The main pollutants emitted into the atmosphere in global environments is of major concern because of wideurban area are sulfur oxides (SO x ), nitrogen oxides (NO x ), ranging potential consequences for human health and for carbon monoxide (CO), volatile organic compounds cultivated and natural ecosystems, visibility degradation, (VOCs), metal oxides and particular matter (PM/aerosols) weather modification, radiative forcing and changes in mostly consisting of black carbon, sulfates, nitrates and tropospheric oxidation (self-cleaning) capacity. Rapidly organic matter. The oxidizations of CO, VOCs and NO x increasing urbanization will be a major environmental produce O in the PBL (Planetary Boundary Layer) which driving force in the 21st century, affecting air quality on has important impact on human's health in urban area.
people are likely to be exposed to unhealthy ozone 3 The recent economical developments of Korea and Japan In the presence of ultraviolet radiation (hν), oxygen are very rapid due to rapid growth of heavy industrial (O ) and nitrogen dioxide (NO ) react in the atmosphere to operations. The rapid growing urbanization will cause form ozone and nitric oxide (NO) [18, 19] . The resultant wide-ranging potential consequences for environmental ozone reacts with NO to form nitrogen dioxide. A steady problems. These areas have been suffering server air state is attained through these reactions: pollution problems, such as high particular matter (PM) concentrations and poor visibility [3] [4] [5] [6] . As the increase NO 2 + hν → NO + O (1) in industrial activity and number of automobiles, the NO + NO 2 + H2O → 2HONO (2) emission of VOCs (volatile organic carbons) and NO (NO HONO + hv → NO + OH [24] .
photolysis rates [28, 29] and surface emissions, including In this present study, a preliminary evaluation of online calculation of biogenic emission. Ozone chemistry the model performance by comparison to the online is represented in the model by a modified Regional Acid observation obtained from different monitoring stations Deposition Model, version 2 (RADM2) gas phase at the past year in Japan. The spatial and temporal chemical mechanism [30] which includes 158 reactions dynamics was studied using simulations performed with among 36 species with Secondary Organic Aerosol Model the Weather Research and Forecast (WRF) model [25] (MADE/SORGAM) of aqueous reaction [31] . coupled with Chemistry (WRF/Chem) [26] . Due to the geographical complexity of the area the important part of Method of Simulation the study was also the evaluated of the model's ability to Model Settings: The Sea of Japan coastal area considered represent the measured meteorological conditions and in the present study were located (latitude 31.4 -45.0 N surface ozone levels.
and longitude 129.3 -146.2 E), which is a marginal sea of
Model Description:
The weather research and forecasting peninsula and Russia and is referred to in South Korea as (WRF) model is a mesoscale numerical weather prediction the East Sea [32, 33] . system designed to serve both operational forecasting
In this study, the model is used to simulate medium and atmospheric research needs. The effort to develop scale and regional circulations influenced by the complex WRF has been a collaborative partnership, principally terrain within and around the Sea of Japan coastal area among the National Center for Atmospheric Research during the period 00:00 UTC (Coordinated Universal Time) (NCAR), the National Oceanic and Atmospheric Table 1 . The initial meteorological fields and boundary geopotential and perturbation surface pressure of dry conditions are from NCEP global reanalysis data with a air. It also can optionally output other variables, including turbulent kinetic energy, water vapor mixing ratio, rain/snow mixing ratio and cloud water/ice mixing ratio. The model physics include bulk schemes, mixed-phase physics for cloud-resolving modeling, multi-layer land surface models ranging from a simple thermal model to full vegetation and soil moisture models, including snow cover and sea ice, turbulent kinetic energy prediction or non-local K schemes for planetary boundary layer calculation and longwave and shortwave schemes with multiple spectral bands and a simple shortwave scheme. A detailed description of the WRF model can be found on the WRF web-site http://www.wrf-model.org/index.php.
In 
Emissions Data Acquisition and Pre-processing:
The linkages in the formation and transport of pollution between the local, regional and global scales are receiving increasing recognition and a variety of atmospheric chemistry models address these aspects. This puts new demand on the emission inventories that are used as input to these models. They need to be accurate at the local scale yet cover the entire globe with a consistent approach. The GEIA (Global Emissions Inventory Activity) / ACCENT (European Network of Excellence on Atmospheric Composition Change) data portal is a cooperative effort providing surface emissions data as well as some precursor gases on a 0.5° × 0.5° (RETRO) simulation result. Most of the monitoring stations are or a 1° × 1° (EDGAR) grid. In this present study a simple located in coastal populated areas in Japan as shown in grid mapping program has been used in the WRF/Chem the left map of Figure 1 [41] . Therefore, differences in concentrations evolution of the simulated ozone concentrations, Figure 4 between ozone and photochemical oxidants can be shows the structure of the ozone field from 03:00 UTC of ignored for monthly variation of observed concentrations March 14 to 00:00 UTC of 16 March of 2008 at 100 meter of surface ozone. Additionally, the Acid Deposition height above the surface level. This level was chosen in Monitoring Network in East Asia (EANET) operates order to emphasize the transport processes across the Sea monitoring stations located mainly in remote areas.
of Japan coastal area relative to surface processes. The Observed concentrations of surface ozone at ten EANET two days simulation shows that Sea of Japan has low to monitoring stations in Japan were used to validate the moderate ozone concentrations. The high O performance of the simulation in Japanese background concentrations zone was calculated mainly over the Sea areas during 2000-2005. The locations of EANET of Japan ocean regions during 14 March, whereas the monitoring stations are shown in the middle map of Figure 2 ozone concentrations was calculated 40 to 45 ppb in the They are scattered in remote areas throughout Japan. . Fig. 1 : Location maps of monitoring stations in populated area, and EANET monitoring stations in Japan which were used in this study [41] . 14) which stagnated for some hours, then moved to the overestimates the surface ozone concentrations over the Pacific ocean, the whole polluted air mass is pushed away Populated area in Japan. Standard deviation was eastward by a cold front coming from the northwest [43] . calculated about 6 in EANET monitoring stations In addition, the level of primary pollutants, such as NO , comparing with WRF/Chem simulation result, which x were relatively lower over the ocean, resulting in the less shows a reasonable agreement with the monitoring data consumption of O , thus the high concentrations of O are with respect to predicting localized atmospheric ozone 3 3 found in ocean. An important fact revealed by the concentrations. Absolute values of ozone concentrations simulated result, ozone levels did not reach extreme values are comparable but seasonal variations are different (70-90 ppb) [44] .
between observed and simulated surface ozone. Table 3 shows the accuracy of WRF/Chem simulation result comparing with EANET monitoring data. Though the finer resolution in WRF/Chem effectively titrates ambient ozone and moved the simulated concentrations of surface ozone closer to the observed value, WRF/Chem underestimates surface ozone concentrations in March over the most of the EANET monitoring stations in Japan, Besides WRF/Chem Therefore, it is complicated to compare the WRF/Chem observation data. Concentrations of observed surface ozone are the highest in spring and the lowest in summer at all stations. Second peaks in autumn were found at most of stations. In March the range of observed average ozone concentrations were found about 37.5 ppb to 55 ppb, whereas the average ozone concentrationscalculated by WRF/Chem was 40 ppb to 48 ppb in EANET monitoring stations. Local Meteorological Characteristics: Large-scale winds the air temperatures are lower, with daily maximum give the general wind regime and local winds influence the temperatures are below 6 C ( Figure 5 ) on March and the convergence zones. As such, regional circulations play an daily minimum relative humidity was below 75% in important role in the dispersion of pollutants [45] . Many general, in which the photochemical pollution was weak. studies have showed that wind and weather conditions Figure 5 (15:00 UTC of March 14) shows the strong wind are one of the most important factors for formation of in the nighttime in the coastal area of Japan Sea. This photochemical pollution. These factors include stable illustrates that photochemical reaction may play an boundary layer, strong solar radiation, clear sky, weak wind, high temperature and low humidity, etc. Figure 5 shows the temporal variations of simulated meteorological conditions of the entire domain. Due to the winter season, o important role on the studied episode. It should be noted that the wind speed were relatively strong in the north part of Japan and the temperature was lowered by the influence of the anticyclone, but the O peaks were little higher at the south part of Japan (Figure 4 ), this high morning to about noon. By noon, the mixing height O peaks may be mainly attributed to the transport from 3 west to east. Figure 5 shows the magnitude of wind speed and wind direction by WRF simulation. The simulated wind direction shows that Japan was under the control of the westerly or northwesterly winds from the continent [41] . In general, the surface ozone exhibits strong diurnal variation with a mid-afternoon maximum and an early morning minimum [46, 47] . In this study concentrations of ozone in daytime was much larger than those at nighttime (Figure 6 ). At nighttime, the presence of temperature inversion isolates the surface level ozone from that of upper levels, as there is little or no vertical mixing between the surface layer and levels above the nocturnal boundary layer (NBL). Surface ozone is partly removed by deposition and reaction with nitric oxide (NO). Since no ozone is produced in the absence of sunlight at night, ozone concentrations begin to decrease after sunset, reaching minimum in early morning before sunrise.
Comparison of Simulation Result with Eanet Monitoring simulation result of ozone concentration in March with

Data:
Vertical Distribution of O Concentrations: This section
After sunrise, the height of the unstable boundary layer begins to increase as the surface is heated and the nocturnal inversion is destroyed. This results in downward mixing of ozone from aloft [48] . Surface ozone is also locally generated by reactions of nitrogen oxides with volatile organic compounds (VOCs) in the presence of sunlight [22, 49, 50] . In this study, ozone concentrations increase rapidly from early typically exceeds 1 Km and ozone is well mixed within the mixing layer. Strong photochemical production and strong convection in the mid-afternoon period cause ozone concentrations to reach peak values in the late afternoon. As a result, ozone production decreased with diminishing intensity of sunlight, resulting in a decrease of ozone concentrations with time. At the time of sunset, concentrations decreased substantially below the afternoon maximum value. As a new NBL begun to form in the evening, ozone concentrations near the surface continue to fall due to surface deposition and reaction with NO. Figure 6 shows the typical vertical profile at nighttime was unbalanced caused by dry deposition to the surface and reaction with NO and the typical daytime profile was stable, which reflecting the important roles of both the local production of ozone and greater convective mixing in the vertical.
Tropospheric
Nox Transportation: Due to anthropogenic activities, the atmospheric trace gas composition has undergone significant changes during the past decades. In particular the tropospheric concentrations of many trace species (e.g. of O , CO, NO, 3 NO , CH ) has largely increased. Nitrogen oxides 2 4 (NO x = NO + NO ) are key species in atmospheric 2 chemistry and are heavily influenced by anthropogenic emissions. The availability of NOx limits photochemical ozone formation in rural and remote regions [22, 51] and particularly in the upper troposphere [52] , where the impact of ozone on radiative forcing is strongest [53] . NOx also contributes to acid deposition from the atmosphere [54] . While the lifetime of NOx in the atmospheric boundary layer (about 1 day) is too short to allow transport over long distances, its lifetime in the upper troposphere is 5 of the order of 5-10 days [55] which is sufficient even for intercontinental transport [56] . However, due to removal processes, transport of reactive nitrogen from the surface, where the largest sources are located, to the upper troposphere is in efiicient [57] .
In this study, We simulated the evolution of the NOx plume with the atmospheric chemical transportation WRF/Chem model. The simulation results show a plume that traveled from East China (06:00 UTC March 14) to eastward over the East Sea, passed the south part of Tohoku region of Japan (00:00 UTC March 15) and then floated towards the Pacific Ocean (00:09 UTC March 15). changes from 00:00 UTC of March 14 to 00:00 UTC of winter weather system, the high O concentrations, which March 16 was observed in the entire domain of the coastal were chemically formed in the inland areas, were rapidly area of the Sea of Japan. During this 2 days period, the transported to the downwind region of the coastal areas, daytime and nighttime concentrations of ozone was resulting in low O concentrations in the urbanized changed from 50 ppbv to 30 ppbv in the entire domain. In order to understand the processes in controlling this rapid change in O concentrations, a three dimensional regional
